ORIGINAL ARTICLE PURPOSE We aimed to evaluate a standardized ultrasonography (US) algorithm for the visualization of pathologic para-aortic tissue in retroperitoneal fibrosis (RPF).
MATERIALS AND METHODS
Thirty-five patients with lumbar RPF of typical extent, as determined by abdominal magnetic resonance imaging, were included. Examinations were conducted using standardized abdominal US with axial sections obtained at the levels of the renal arteries, aortic bifurcation, and both common iliac arteries. Imaging of each section was acquired with fundamental B-mode (US) and tissue harmonic imaging, respectively. In addition, we examined RPF visualized using extended fieldof-view US.
RESULTS
Tissue harmonic imaging adequately visualized RPF of typical extent in 33 patients (94.2%). Excellent and good visualization with mild artifacts were achieved in 25 (71.4%) and six (17.1%) patients, respectively. When RPF spread along the iliac arteries, excellent visualization was achieved in 38.7% for the left side and 34.5% for the right side. There were significantly fewer diagnostic examinations for the right iliac (27.6%) than for the left one (9.7%) (P = 0.016). Overall, harmonic imaging achieved significantly better visualization than fundamental B-Mode (P < 0.001).
CONCLUSION
We described the first systematic evaluation of RPF visualization by modern US techniques. The best imaging quality was found in the typical RPF location, at the level of the aortic bifurcation. These results advocate for the presented US algorithm as an efficient follow-up alternative to cross-sectional imaging in RPF patients.
C
hronic periaortitis or retroperitoneal fibrosis (RPF) is a rare fibrosing disease that affects para-aortic tissues (1-3). It typically presents as a proliferating lumbar process surrounding the ureters and retroperitoneal vascular structures ( Fig. 1) (2, 4) . Sporadic, atypical manifestations in pelvic and mesenteric regions are also possible (5) .
Magnetic resonance imaging (MRI) allows precise evaluation of the extent and complications (6) . RPF presents as hypointense (often isointense to striated muscle) plaques in native T1-weighted magnetic resonance (MR) images with significant gadolinium contrast enhancement of active and untreated retroperitoneal fibrosis (7) (8) (9) .
Ultrasonography (US) is primarily used in patients with RPF for a rapid and practical diagnosis of consecutive hydronephrosis (6) . RPF presents as a smooth-bordered mass with either an echo-poor or echo-free signal (10, 11) . Two studies in the 1980s indicated that US revealed only a poor overall sensitivity in the detection of RPF (12, 13) . Feinstein et al. (14) reported that only 25% of affected patients with computed tomography (CT)-mediated diagnosis of RPF showed corresponding ultrasonographic abnormalities. Since that time the quality of US scanners has improved dramatically, and modern techniques, such as tissue harmonic imaging (THI) and extended field-of-view US, have significant advantages for routine clinical diagnosis (15) (16) (17) . Today, US has established itself as an effective and cost-efficient imaging method for the screening and follow-up of infrarenal aortic aneurysms (18, 19) . US, however, is not used routinely for RPF follow-up, nor has a systematic evaluation of modern ultrasonographic methods been available to date.
The aim of the present study was to evaluate the potential role of modern ultrasonographic techniques for the visualization of fibrous tissue in patients with prediagnosed RPF.
Materials and methods

Study population
We examined a total of 56 consecutive patients already receiving medical therapy, or with newly diagnosed RPF disease. Only patients with RPF of the typical lumbar location were included in the analysis (Fig. 1) . RPF extent was determined by abdominal MRI. Patients without delineable retroperitoneal soft tissue (n=15), or atypical suprarenal (n=1), and presacral (n=5) RPF location were excluded from the examination.
The resulting cohort of 35 patients consisted of 29 males and six females with a mean age of 56.1±10.4 years. Data storage and analysis conformed to the standards of the local ethics committee.
Imaging
Abdominal MR examinations were performed using a 1.5 Tesla scanner with a body array coil (Siemens Magnetom Avanto, Siemens Medical Systems, Erlangen, Germany). For the RPF extent evaluations, we used T1-weighted sequences with fat suppression before and after intravenously infused and weight-adapted gadoteridol contrast (ProHance, Bracco Imaging, Konstanz, Germany). Due to the potential risk of gadolinium-triggered nephrogenic systemic fibrosis (20) , renal function was instead determined by serum creatinine and glomerular filtration rate (GFR). Patients with a GFR of 60-30 mL/min were informed of the increased risk, and no gadolinium-based contrast media were applied to patients with an estimated GFR of less than 30 mL/min.
Standardized US examinations were performed within 48 hours of the MR examination by three radiologists experienced in abdominal US. The examiners were not blinded to the RPF diagnosis or location. We used a high-end US scanner (ACUSON S2000, Siemens Medical Systems) and a "curved-array" abdominal transducer (3.5 MHz; frequency bandwidth, 1-4.5 MHz). We employed the installed abdominal presets with spatial real time compound imaging (SieClear, Siemens Medical Systems), and tissue-contrast-enhancement technology (DynamicTCE, Siemens Medical Systems) for enhanced contrast resolution and speckle reduction. Food restrictions and medication for bowel gas reduction were not prescribed prior to the examinations. All patients received a standardized examination guided by the abdominal vessels, which included axial sections at the levels of the renal arteries, aortic bifurcation, and both iliac vessels (Figs. 1c, 2) . Imaging of each section was acquired with fundamental B-mode (US) and THI, respectively. In addition, we generated extended fieldof-view US images of the infrarenal aorta and proximal iliac arteries using integrated software (SieScape, Siemens Medical Systems) in the cranio-caudal and caudo-cranial orientations. Panoramic imaging was performed under patient inspiration using the same "curved-array" abdominal transducer with a frequency of 4 MHz, THI, and a mechanical index of 1.1-1.2. No color duplex techniques or US contrast agents were applied and no food restriction or anti-meteoristic medication was prescribed.
Image analyses and statistics
US and MR images were stored and analyzed in our picture archiving system (Centricity PACS, GE Healthcare, Milwaukee, Wisconsin, USA). All US images were analyzed in consensus by two radiologists experienced in abdominal US and MRI. We classified RPF visualization, if present, into four quality categories ( Fig. 3 ): excellent (3), mild artifacts (2), significant artifacts (1), and not diagnostic (0). If the RPF was not present in the actual section (e.g., cases without iliacal spreading), this was classified as not available (NA).
The overall visualization quality of THI and the fundamental B-mode was compared with Wilcoxon's rank-sum test. For comparison of the different ultrasonographic sections, we dichotomized the visualization result quality by not diagnostic/significant artifacts vs. mild artifacts/excellent visualization. We performed logistic regression analyses with repetitive reading to evaluate the dependence between visualization quality and the respective ultrasonographic section. Since we found significant differences in the global For all statistical analyses, P values <0.05 were considered to indicate significance. The extended field-of-view images were analyzed with respect to the continuity of generated panoramic images without artificial interruptions (Fig. 4) .
Results
The RPF tissue displayed as a hypointense paravascular mass in T1-weighted MR images with distinct homogenous contrast enhancement (Fig. 2) . According to the typical lumbar RPF location, we observed involvement of the aortic bifurcation in all 35 patients. Para-aortic RPF spreading to the level of the renal arteries was observed in 17 patients (48.5%). Iliac extent was found in 31 patients (88.6%) on the left, and in 29 patients (82.9%) on the right. Neither ventral aortic displacement nor additional retroperitoneal lymph nodes were observed in any patient.
In abdominal US examinations, the RPF presented as a hypoechogenic fusiform tissue formation surrounding the retroperitoneal vessels. Overall, ultrasonographic visualization was significantly better with THI than with US, per Wilcoxon's rank-sum test (P < 0.001), regardless of the region examined. At the level of the aortic bifurcation, we achieved excellent visualization using THI in 25 patients (71.4%). We achieved good visualization with only mild artifacts in six patients (17.1%), and poor image quality with significant artifacts in two patients (5.7%). In all, diagnostic examination was achieved in 33 of 35 patients (94.2%), with no diagnostic visualization in only two patients (5.7%). In 17 patients with RPF extending to the renal arteries, we observed excellent or good visualization by THI in 13 patients (76.5%), and significant artifacts or no diagnostic visualization in four patients (23.5%). In cases with RPF spreading along the iliac arteries, excellent visualization was achieved for 38.7% for left-, and 34.5% for right-sided iliac extent. Examinations without diagnostic value were found in 9.7% for left-and 27.6% for right-iliac sections.
All THI and fundamental US examination results are shown in Table 1 . We found the best visualization quality at the level of the aortic bifurcation with THI, and excellent quality in 71.4% of all examinations at the level of the renal arteries. Comparatively, fundamental US resulted in excellent quality in 47.1% of examinations. Iliac RPF visualization was of poorer quality compared to lumbar para-aortic visualization, regardless of the ultrasonographic method. Table 2 shows the results of the categorized visualization qualities of THI and US. Comparison of the different ultrasonographic sections by logistic regression analysis revealed significant differences between the sections in the global test for both US (P = 0.001) and THI (P = 0.011).
The results of additional pairwise comparisons for specific ultrasonographic sections using a single method are shown in Table 3 . In THI examinations, right iliac visualization was of significantly lower quality than the left iliac RPF (P = 0.016, Table 2 ), whereas fundamental US revealed no significant differences between the iliac RPF visualizations (P = 0.475, Table 3 ).
In the extended field-of-view US analysis, we found continuously generated panoramic images without artificial interruptions in 22 patients (62.9%) for the cranio-caudal direction, and 13 patients (37.1%) for the caudo-cranial direction (Table 4) . Excellent RPF visualization in the panoramic images was also achieved in 22 patients (62.9%) in the cranio-caudal direction and 20 patients (57.1%) in the caudo-cranial direction (Fig. 4) . However, there was no overall significant difference in image quality between the directions.
Discussion
In this study, we present the first systematic evaluation of modern US techniques in the visualization of prediagnosed retroperitoneal fibrosis. Overall, RPF visualization was significantly better with THI compared to fundamental B-Mode (P < 0.001). Excellent RPF visualization was observed in 71.4% of patients, and good visualization with only mild artifacts in 17.1% of patients using THI.
US is an effective and cost-efficient imaging method for the screening and follow-up of infrarenal aortic aneurysms (18, 19) . However, it is not routinely used for follow-up of para-aortic RPF. An examination of four patients with CT diagnosed RPF in the 1980s showed poor diagnostic sensitivity, with corresponding ultrasonographic findings in only one patient (14) . To our knowledge, no state-of-the-art US technique evaluation in RPF exists to date. Published data consist primarily of case reports of one or only a few patients (21) (22) (23) . Our data represent the first systematic evaluation of modern US techniques for RPF visualization. Compared to preceding studies with insufficient results (12-14) , we observed significantly better results amounting to sufficient image quality in 94.2% of patients by THI imaging, and 85% using B-mode US. Our results correspond well to other abdominal US studies, such as those that evaluated detection of pancreatic (16) or renal (17) lesions. Image quality by THI was Global test by logistic regression analyses revealed significant differences between the respective sections for both THI (P = 0.011) and US (P = 0.001). THI, tissue harmonic imaging; US, fundamental ultrasonography.
significantly superior to fundamental B-mode. The best RPF visualization was achieved at the level of the aortic bifurcation, which is appropriate for typical RPF location (3, 5) . We therefore conclude that the described US protocol can be used to visualize RPF in the typical lumbar location of patients known to have the disease. In patients with predominant iliac manifestation the US protocol is not recommended as it provides significantly lower visualization quality in the iliac location. As we employed nonblinded US examiners, these methods may not provide diagnostic sensitivity or specificity for patients with no RPF diagnosis. Sagittal panoramic US revealed the fusiform character of the para-aortic tissue (Fig. 4) ; however, we observed numerous artifacts and discontinuous visualization of the RPF. Kim et al. (15) prospectively examined 31 patients using abdominal extended field-ofview US and found several potential benefits over fundamental B-mode US. These included better visualization of tubular abdominal structures, more accurate quantification of the large abdominal organs or associated lesions, and a documentation quality comparable to CT or MRI.
The response to medical treatment in RPF is based primarily on the regressive extent of the retroperitoneal fibrous tissue and clinical tests, such as regressive urinary obstruction (1). However, to date there is no standardized follow-up protocol. Acute-phase proteins, such as the C-reactive protein and erythrocyte sedimentation rate, are poor therapeutic success predictors (24) . Therefore, cross-sectional abdominal imaging techniques (CT and MRI) are the basis of RPF location, extent, and follow-up evaluations (2-6). Abdominal CT is associated with iodinated contrast media and significant radiation, especially in repeated control examinations. MRI provides a better contrast to the surrounding retroperitoneal tissue without radiation exposure, but includes potential contraindications (e.g., implanted cardiac pacemakers) and is not always accessible. In addition, MRI in combination with intravenous gadolinium delivery has the added risk of inducing nephrogenic systemic fibrosis, especially in patients with impaired renal function. This is frequent in patients with RPF-triggered hydronephrosis, due to urethral obstruction.
Classical limitations of abdominal extended field-of-view US include movement artifacts and the superimposition of bowel gas (25) . Both limitations may explain the rate of discontinuous panoramic images in our study, which did not differ between the cranio-caudal and caudo-cranial directions. Consequently, panoramic US does not provide additional diagnostic information in RPF patients. No food restriction or antimeteoristic medication was prescribed, as positive effects on image quality have been reported for only the upper abdominal regions (e.g., the biliary tract and gallbladder) (26) (27) (28) . However, the reduced image quality for right-iliac-RPF visualization may be caused by caecal gas interposition.
One major limitation of the current study is the assessment of ultrasonographic image quality by the consensus of two radiologists without evaluation of the interobserver agreement. Further limitations include the lack of observer-blindness regarding disease status and MRI results; this may have resulted in overestimation of the validity and reliability of this study.
In conclusion, US with THI may be a cost-efficient alternative follow-up technique in a select group of patients known to have RPF in the typical lumbar location. The results suggest that US RPF visualization may be an effective supplement to classical follow-up US parameters, such as hydronephrosis. Additional research is necessary to evaluate the diagnostic potential of US protocols in patients whose RPF status is unknown.
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